ABSTRACT The fruit of indigenous, cultivated, and naturalized exotic plants was sampled in Kenya to determine the geographical and host plant distributions of the fruit ßy pests Ceratitis anonae (Graham), Ceratitis cosyra (Walker), Ceratitis fasciventris (Bezzi), and Ceratitis rosa Karsch. In 1997, cultivated and wild fruit were sampled on the Kenya coast to determine seasonal patterns of host use by C. cosyra and C. rosa. From 1999 to 2004, the sampling effort was expanded to forested areas of the central and western highlands and to all fruit-infesting tephritids. Together, the four pest tephritid species were reared from 5.1% of 3,794 fruit collections, the latter making up 116 families and 882 species of host plants. C. anonae, C. cosyra, C. fasciventris, and C. rosa were reared throughout Kenya, from 14, 9, 30, and 28 plant species, respectively. Fifty-two of these plants represented previously unknown hosts for one or more of the tephritids. C. anonae was restricted to habitats west of the Gregory Rift Valley. C. fasciventris was found in western and central Kenya, but it was not reared from coastal fruit collections. C. rosa occurred at the coast and in central highland fruit. We provide evidence for the recent introduction of C. rosa into the central highlands. Only C. cosyra was found in habitats located in all three of the major regions sampled. Although distributed over a wider geographic area than the other species, C. cosyra had a markedly restricted host range. On the coast, C. cosyra used wild fruit, primarily Sclerocarya birrea (A. Rich.) Hochst. (Anacardiaceae), as hosts when mango was not fruiting. C. rosa was absent from our mango samples but attacked common guava and wild fruit species. Overall, C. anonae, C. fasciventris, and C. rosa had similar host proÞles, but each also had unique hosts in which infestations were usually heavy. Members of the Sapotaceae and Annonaceae were the most important wild hosts of these three species. Within these families, host fruit were partitioned among these tephritid species and the Mediterranean fruit ßy, Ceratitis capitata (Wiedemann). The availability of wild host fruit, sometimes supplemented by naturalized invasive plants or cultivated fruit, provided for year-round breeding of C. anonae and C. fasciventris, whereas indigenous fruit were sufÞcient for breeding of C. rosa and C. cosyra during most of the year. Opiine braconids were reared from all four species of Ceratitis.
to be a less serious pest of cultivated fruit along the equatorial belt of Africa than four other Ceratitis species, namely, Ceratitis rosa Karsch, Ceratitis fasciventris (Bezzi), Ceratitis anonae (Graham), and Ceratitis cosyra (Walker). Compared with Mediterranean fruit ßy, little is known about the ecology of these species, and no detailed studies of any of these species have been undertaken in Kenya. De Meyer et al. (2002) provided a checklist of host plant afÞliations of these and other members of the genus Ceratitis, and White and Elson-Harris (1992) discussed the wide range of commercially important fruit they attack.
Damage to commercial fruit by these four other species can be considerable. For example, 20 Ð30% of the mango crop is lost, on average, to C. cosyra, reducing export earnings and affecting the quality and price of locally sold fruit . Commercial fruit from which these four species have been reared are listed in Table 1 . Although these four ßy species are still conÞned to continental sub-Saharan Africa and some of its offshore islands, the increasing volume of exported fruit and the difÞculty of ensuring the continuous interception of infested fruit amid ever-growing populations of tourists and immigrants make invasion of the western and eastern tropics by one or more of these ßy pests a continuing and serious concern. Projected increases in temperatures because of global warming will probably expand the ranges of many plants and animals, with species moving toward the poles and into higher elevations (Parmesan and Yohe 2003) . Additionally, recent observations suggest that C. rosa may be better adapted to exploiting colder climates than is Mediterranean fruit ßy (Duyck and Quilici 2002) . This adaptation suggests that C. rosa could maintain populations in a wider range of commercial fruit within the continental United States relative to Mediterranean fruit ßy, which is primarily a threat to the tropical and subtropical fruit industries (especially citrus) in the western and southern United States. Despite the importance of these Mediterranean fruit ßy relatives, few studies have examined their host plant distribution in detail. For example, in a computer search of Zoological Records (1979 Ð present) , the ratio of publications on Mediterranean fruit ßy versus the other four Ceratitis species combined is Ϸ25:1 (1,389:56). From the standpoint of developing effective agroforestry strategies, there is still no comprehensive knowledge of the range of indigenous hosts and infestation indices for any of these species. Consequently, farmers and orchard managers cannot make informed decisions about orchard placement or mixed plantation practices. One goal of our study was to examine the hostÐplant relationships of these four pest species.
Because our study was conducted in Kenya, its unique topographical features also offered opportunities for examining the zoogeography of these tephritid species. Within Kenya, there are two major physical barriers to the movement of species. In western Kenya, volcanic and rifting activity, beginning Ϸ15Ð12 myr BP and continuing intermittently up to near present, created the Gregory Rift Valley, running approximately northÐsouth through the entire length of the country (GrifÞths 1993) (Fig. 1) . The xeric ßoor of the Gregory Rift Valley effectively separates the western highlands from other areas of Kenya. In addition, an extensive area of inhospitable habitat designated "dry scrub with trees" (Greenway 1973 ) (ϭBushland of Tsavo National Park; Lind and Morrison (1974) ), again running approximately northÐ south, separates the central highlands from the coastal forests in the east. Forested areas are common in the highlands and at the coast, and all three regions have abundant species of plants bearing ßeshy fruit. In the past, changing climatic patterns associated with expanding and receding periods of ice age glaciation has alternately separated and reconnected the forests of Kenya from coast to western border. It is thought that the most recent period of connection took place Ϸ10 myr BP (Lovett 1993 , Burgess et al. 1998 . Thereafter, the general tendency in East Africa is one of increasing aridity, although periods of wetter weather may have, at least partially, united coastal and western forests as recently as 2.4 myr BP (Burgess et al. 1998) . In many cases, the same or closely related plant species are found in forest or woodland areas in two or more of these separated regions. Therefore, a second purpose of our study was to examine the zoogeography of the four tephritid species, taking into account the regional availability of potential fruit hosts.
Materials and Methods
Sampling. Sampling was initiated in 1997 to determine the major tephritid pests of mango in coastal Kenya and to clarify the status of alternative wild or commercial fruit as reservoir hosts during periods when mangoes are unavailable. Collections of known and potential hosts of C. cosyra and C. rosa (and their parasitoids) were made in orchards and nearby forested areas. Sampling was curtailed in October 1997 because of political unrest.
Subsequently, monthly collections were made from February 1999 through August 2004, and the sampling program was expanded to include sites in western and central Kenya. Sites were chosen to ensure extensive sampling of major woodland and forest habitats both east of the Gregory Rift Valley (coastal forests, midaltitude forest, and high altitude dry and wet forest), and west of the Gregory Rift Valley (high altitude dry and wet forest). Major sampling sites are shown in Fig.  1 . In addition to forests, fruit were sampled in other habitats, particularly open woodland in highland areas, and shrubland, dune, coral rag associations, and open woodland at the coast. During each sampling period, fruit were collected from both the plant and ground, as available, and all species of trees, shrubs, and vines in fruit at the time were sampled. Each plant species from each locality on each date was recorded as a separate collection for database purposes. Fruit was transported to rearing facilities at the coast or in Nairobi, where each collection was maintained in a separate 1-liter rectangular container nested inside a 2-liter container with sand into which the larvae bur- Copeland et al. (2002) . Identification and Specimen Repositories. Species of Ceratitis were identiÞed by M.D.M. and R.S.C., whereas parasitoids were identiÞed by R.A.W. Specimens of each plant from which fruit were collected were pressed in the Þeld. Additionally, photographs were taken of representative fruit from nearly all samples. Plant specimens and occasionally fruit photographs were used for identiÞcation by one of us (Q.L.) at the East African Herbarium. For the discussion of patterns of host utilization of Sapotaceae, we used the classiÞcation of Pennington (1991) .
Voucher specimens of plants have been deposited at the International Centre of Insect Physiology and Ecology (ICIPE), Nairobi, Kenya. Voucher specimens of tephritids have been deposited at ICIPE; the National Museums of Kenya, Nairobi, Kenya; the National Museum of Natural History, Washington, DC; the Royal Museum for Central Africa, Tervuren, Belgium; and the Natural History Museum, London. Voucher specimens of tephritid parasitoids are housed at Texas A&M University, College Station, TX.
While our study was in progress, it was determined that C. rosa made up two distinct species and accordingly, C. fasciventris was elevated to species status (De Meyer 2001b) . To get an accurate picture of the distribution of these two species, all specimens collected in Kenya before our study began, and identiÞed as C. rosa, were reexamined and identiÞed by one of us (M.D.M.).
Data Analysis. Following Cowley et al. (1992) , we present the quantitative results of our fruit rearings as an "infestation index." We provide indices expressed as adult tephritids per 1,000 fruit and per kilogram of fruit. These values are given for all samples of a plant species (including uninfested samples) and for infested samples only. Data on parasitoids are presented as rates of parasitism (number of parasitoids in a sample divided by the combined number of ßies plus parasitoids). Chi-square and Fisher exact tests were used to examine altitudinal differences in host plant use by C. cosyra and Ceratitis contramedia (Munro), and for comparing use of different host plants by Mediterranean fruit ßy and the four pest species. Fisher exact test was used when the data blocks being compared contained zeros. SigniÞcance levels were set at P Ͻ 0.05 for all tests.
Results
In total, 979,416 fruit (1,108 kg) were collected from 882 plant species representing 116 families. Of 3,794 collections, 944 (24.9%) yielded tephritids. Of these collections, 193 (5.1%) contained at least one of the four pest species, and these species made up 8,347 (20.3%) of the 41,042 fruit-infesting tephritids reared during the study. C. fasciventris was reared from 92 (2.4%) collections, C. rosa from 50 (1.2%), C. anonae from 49 (1.3%), and C. cosyra from 41 (1.1%). Together, these four species were reared from fruit of 60 plant species representing 25 plant families. The distributions of the four pests throughout Kenya are shown in Figs. 1 and 2. C. anonae was found only in western Kenya at altitudes from 1,518 to 1,630 m, where it was sympatric with C. fasciventris (the two occurred together in 44.9% [22 of 49] of the samples and 71.4% [10 of 14] of the fruit species from which C. anonae was reared). C. fasciventris also was distributed widely throughout the central Kenya highlands, collected at elevations of up to 2,220 m, but it was absent from the coast. C. rosa was limited mainly to coastal lowland habitats (5Ð 436 m). It also was collected at 1,453 m in the Taita Hills, Coast Province, the northernmost part of the Eastern Arc Mountains (Wasser and Lovett 1993) ; but, in late 2001, after nearly 3 yr of intensive sampling, C. rosa occurred for the Þrst time in collections made in the central highlands. Thereafter, it was collected regularly in this region, always in association with C. fasciventris (12 of 12 samples) and at altitudes to 1,771 m. C. cosyra was distributed across the country in all three of the major sampling regions, at altitudes from 20 to 2,100 m.
The fruit infested by each fruit ßy pest (by plant family and plant species) are shown in Tables 2Ð5 as are the regional, habitat, and temporal distributions of each fruit ßy and host. C. anonae, C. cosyra, C. fasciventris, and C. rosa were reared from 14, 9, 30, and 28 plant species, respectively. Fifty-two (68%) of these plants represented previously unknown hosts for one or more of the four tephritids. C. fasciventris had the greatest diversity of hosts, both in terms of plant species and families. It was reared from the fruit of 30 plant species, 26 of which were new host records. These hosts represented 19 plant families, 12 of which have not been reported previously for this tephritid. Among the four Ceratitis pests, there was considerable overlap in host plant families. C. rosa was reared from 11 of 15 families that produced C. fasciventris, and C. anonae was found, and then only rarely, in only a single family (Menispermaceae) not exploited by C. rosa or C. fasciventris. C. cosyra exhibited the narrowest host range and of the six plant families from which it was reared, only one (Canellaceae) failed to produce any of the other three species.
Tables 6-9 provide quantitative data on tephritid production in speciÞc hosts. Plants with high indices of infestation by C. anonae, C. fasciventris, and C. rosa were spread over several families. For C. anonae, four plant species from four families produced Ͼ100 ßies per 1,000 fruit (infested fruit only), with feral stands of common guava, Psidium guajava L. (Myrtaceae) being the most heavily infested (Table 6 ). Sixteen plant species from 12 families produced at least 100 ßies per 1,000 fruit of C. fasciventris (Table 8) , and for C. rosa this rate of infestation was equaled or surpassed in samples representing 11 plant species from seven families ( Table 9) . When averaged over all samples, C. cosyra had the highest infestation indices. All infested samples from each of eight C. cosyra hosts produced large numbers of ßies (Table 7) . For all four tephritid 2,3,4,5,6,7,8,9,10,11,12 0/40; 1,2,3,4,5,6,7,8,9,11,12 1,2,3,4,5,6,7,8,9 ,10 a Months indicated numerically (e.g., 4, April). 1 ,2,3,4,5,6,7,8,9,10,11,12 Months indicated numerically (e.g., 4, April); new host plant family or species indicated in bold; nr, not recorded.
Two other collections of unripe, mature fruits made in August produced no ßies.
c Data from Robertson and Luke (1993) . species, exotic fruit had the highest infestation indices. On the coast, C. cosyra used wild fruit, especially Sclerocarya birrea (A. Rich.) Hochst. (Anacardiaceae) as hosts when mango (also in the Anacardiaceae) was not fruiting. C. rosa was absent from our samples of mango at the coast, but it readily attacked common guava. Hymenopteran parasitoids were reared from all four pest species. Fopius silvestrii (Wharton) (Braconidae) was reared from two samples that produced only C. anonae and one that produced only C. fasciventris. Tetrastichus giffardii Silvestri (Eulophidae) was reared from one sample that yielded only C. fasciventris, and a potentially undescribed species of Psyttalia (Braconidae) was reared from a sample infested only by C. rosa. Psyttalia cosyrae (Wilkinson) and Fopius bevisi (Brues) were each reared from a single sample of fruit attacked solely by C. cosyra. Table 10 lists the parasitoids, the fruit hosts, the species of ßies that were reared from each fruit, and the percentage of parasitism. In 10 of the 17 samples from which parasitoids emerged, at least two tephritid species also emerged from the fruit, and we did not isolate puparia sufÞciently to determine which of these had been attacked by the parasitoids. Only two of the 40 samples that produced C. cosyra also yielded parasitoids, and similarly only two of the 49 samples infested with C. rosa had parasitoids (but in one of these, the parasitoids were associated with a species of Trirhithrum Bezzi that dominated the sample). All other parasitoids were associated with C. anonae, C. fasciventris, or both. Of samples for which puparia were retained from collections producing one or more of the four pests, 1,292 uneclosed puparia were examined. In no case were remnants of dead wasps found and thus there was no evidence for parasitoid diapause in these samples.
Discussion
C. anonae, C. fasciventris, and C. rosa are morphologically very similar and belong to the same subgenus, Pterandrus. Males can be separated readily based on secondary sexual characters, in particular the position of feather-like setae on the midlegs, and leg coloration. The separation of females of C. anonae from those of C. fasciventris and C. rosa, however, relies on relatively subtle, but consistent, differences in leg and anepisternal pilosity (De Meyer and Freidberg 2006) . Furthermore, there are no morphological characters that reliably differentiate females of C. fasciventris from those of C. rosa. These three species form a clade (the FAR group for fasciventris-anonae-rosa) and are separable only with considerable difÞculty by using molecular methods (N. Barr, unpublished data). Additionally, the offspring of laboratory crosses between C. rosa and C. fasciventris are reproductively viable . Nonetheless, all the male C. rosa that we reared from fruit collected in the central highlands (from samples that also contained C. fasciventris) had the extensive feathering and darkening of the mid tibia characteristic of C. rosa, and our Þndings provide no evidence of hybridization in the Þeld that would challenge the recent separation of C. rosa and C. fasciventris into different species (De Meyer 2001b) . Geographical Distribution. East-West Patterns. Of the four pest species, only C. cosyra, the least polyphagous species, was found in both lowland and highland sites across the whole of Kenya. C. anonae was only reared from fruit collected in the western highlands, and the single previous record of a female of this species from Nairobi in 1938 was probably either a result of laboratory contamination, a recording error, or the chance result of a single immigration event. C. anonae is widely distributed throughout western and central Africa and regularly occurs as far east as western Kenya (De Meyer 2001a) . Its absence from the central highlands of Kenya, an area containing several native and cultivated fruit species that it successfully exploits in western Kenya, suggests that C. anonae split off from the common ancestor of the FAR group sometime subsequent to the creation of the Gregory Rift Valley. Formation of this prominent geographic feature commenced Ϸ15Ð12 myr BP, and there have been intermittent rifting and volcanic events that have continued to near present (GrifÞths 1993) . The xeric ßoor of the Gregory Rift Valley acts as a formidable barrier and contains few, if any, plant species likely to be suitable hosts of pest tephritids.
C. rosa is known only from southern and eastern Africa, being absent from the western and central parts of the continent (De Meyer 2001a) . In Kenya, the forested central highlands are separated from coastal forests and woodlands by a wide xeric swath that consists primarily of Acacia--Commiphora grassland but that also includes semidesert scrub, thicket, and dry scrub with trees (Greenway 1973) . Called "Nyika" by early writers (Gregory 1896) , this area, for the pioneers, was the worst part of the long trek inland. Running northÐsouth through eastern Kenya, and containing few plants with ßeshy fruit, the Nyika has probably acted as a barrier to the westward migration of coastal tephritids in a manner similar to that of the Gregory Rift Valley preventing eastward expansion of C. anonae. Before this study, C. rosa was recorded in Kenya only from the coastal lowlands (De Meyer 2001a; we consider the single previous record of C. rosa from Migori in western Kenya doubtful, because we did not rear C. rosa from any of the 710 collections we made in western Kenya, totaling 198,907 fruit). Previous records of "C. rosa" from the central highlands (Wharton et al. 2000) refer to C. fasciventris and were reported before the two species were recognized as distinct. We did not Þnd our Þrst specimen of true C. rosa in the central highlands (from Kirimiri Hill, near Mt. Kenya) until 7 December 2001, nearly 3 yr after we began sampling wild hosts in that region. Thereafter, we regularly (12 of 24 collections) reared small numbers of C. rosa from fruit of two indigenous plants, two naturalized, invasive plants, and an exotic garden ornamental collected in four sites in the central highlands (Table 5 ), at altitudes from 1,533 to 1,771 m. One of these plants, Solanum mauritianum Scop. (bugweed or wild tobacco; Solanaceae) is a well known host of C. rosa in Reunion (Quilici et al. 2001) and South Africa (Ripley and Hepburn 1930) in both coastal and highland regions. Between 12 November 1999 and 10 August 2004, we made 17 collections of S. mauritianum within Nairobi (elevation 1,670 Ð1.774 m). Although C. fasciventris was reared from 15 of these collections and was present during year-round (Table 4) , C. rosa was absent from these collections until the last collection, made in August 2004. This collection produced both C. fasciventris and C. rosa, the latter making up 4.7% (n ϭ 128) of reared tephritids. Together, these data, representing 12 rearings from Þve species of fruit, provide compelling evidence that C. rosa is a recent colonizer of the central highlands of Kenya, its appearance there possibly a result of transport of infested fruit by rail or road from the coast.
The Kenyan central highlands represent the Þrst reported area of sympatry for C. fasciventris and C. rosa (an isolated 1937 record of C. fasciventris from Rabai at the Kenyan coast requires conÞrmation and is considered doubtful: in our survey C. fasciventris was never reared from 1,591 coastal samples containing 375,509 fruit). All 12 C. rosa-positive collections that we made in the central highlands also contained C. fasciventris, and these two species have similar host proÞles in other parts of their respective geographical ranges (Tables 4 and 5 ; De Meyer et al. 2002) . We can expect, therefore, that the two species will compete for fruit resources throughout this region. Duyck et al. (2004) reviewed the outcomes of interspeciÞc competition resulting from the arrival of newly invasive, polyphagous tephritids and concluded that the invasive species invariably proved to be the superior competitor. If C. rosa follows this pattern, its geographical distribution and host range will increase along with infestation indices, and C. rosa will have a direct, negative impact on C. fasciventris populations. This would correspond to the apparent competitive displacement of Mediterranean fruit ßy populations by the more recently introduced C. rosa in Mauritius, reported by Hancock (1984) .
The detection of C. rosa in upland sites is disturbing because of its potential expansion into the fertile, fruit growing areas of highland Kenya. In central Kenya, plums and peaches, known hosts of C. rosa, are com-monly sold in roadside stands along the only eastÐwest highway. It is probably only a matter of time before C. rosa successfully crosses the Gregory Rift Valley into the western Kenya highlands in fruit transported in commercial or private vehicles.
Altitudinal Distribution. Our data provide some evidence for the altitudinal limits of C. cosyra and C. fasciventris. In the western and central highlands, Warburgia ugandensis Sprague (Canellaceae) is a common host of both C. cosyra and C. contramedia with the two species often reared from the same sample. From 15 collections made at or below 2,100 m, C. cosyra was present in nine and C. contramedia in 11 collections, and there was no signiÞcant difference between the species in their presence or absence in these fruit ( 2 ϭ 0.6, P ϭ 0.44). However, C. cosyra was absent from, but C. contramedia was found in, all Þve collections made above 2,200 m, (P ϭ 0.004; Fisher exact test), suggesting that C. cosyra may not occur above this altitude. Similarly, in the central highlands, C. fasciventris was reared from 16 of 18 S. mauritianum samples collected at altitudes between 1,670 and 2,220 m, but it was absent from fruit of this species from all Þve collections made at or above 2,284 m (P ϭ 0.0006; Fisher exact test).
The altitude records for both these species coincide closely with the highest recorded altitude of fruit collections that produced Mediterranean fruit ßy in this survey (the 147 fruit samples that contained Mediterranean fruit ßy ranged in altitude from sea level to 2,203 m) . These data suggest that both C. cosyra and C. fasciventris may be preadapted to survive in the same subtropical and Mediterranean climatic areas as Mediterranean fruit ßy should they become established on the U.S. mainland. We would predict that C. rosa, which can withstand winter conditions in the temperate regions of South Africa (Ripley and Hepburn 1930) , will be found at higher elevations in Kenya than any of the other pests if it continues to spread in the central highlands and eventually over to the western part of the country.
Patterns of Host Use. Temporal Distribution. Of the four pest species treated here, C. cosyra had the widest distribution across Kenya, occurring from near sea level to 2,100 m. It is, therefore, not surprising that it is a pest of mango throughout the country. At the coast, the wild host S. birrea is an important reservoir for C. cosyra during some of the months when mango is unavailable. Together with other wild hosts, such as members of the genera Annona (Annonaceae), Cordyla (Fabaceae), and Landolphia and Saba (both in Apocynaceae) (Table 3) , S. birrea provides populations of ßies ready to attack coastal mangoes during the April or MayÐAugust fruiting season of this important commercial crop. However, we were unable to document breeding of C. cosyra year-round in wild fruit for any of the three regions (coastal, central, and western). Either C. cosyra attacks other wild fruit that we did not sample in our survey, or it is capable of surviving as adults or pupae in the wild during periods of host unavailability (which based on our survey [Table 3 ] would most likely be in November and December).
In Kenya, acceptable wild fruit are present for yearround breeding of both C. anonae (in the western highlands) and C. fasciventris (in western and central highlands). Collections of indigenous wild fruit, when supplemented by samples from feral stands of P. guajava and the invasive pest S. mauritianum, were sufÞcient to yield adults during all months, with the single exception of C. fasciventris in October from the western highlands. Indigenous fruit produced C. anonae for 9 mo of the year, during which the Moraceae (Antiaris), Olacaceae (Strombosia), and Rubiaceae (Leptactina) were particularly important hosts (Tables 2  and 5 ). Indigenous fruit also accounted for production of C. fasciventris during 9 mo in both the western and central highlands. For this species in western Kenya, the Olacaceae (Strombosia and Ximenia) alone yielded ßies from March through August (Table 4) . In central Kenya, yearly production of C. fasciventris was spread out over a wider range of indigenous fruit and was absent only from collections made in February, June, and November. During these months, however, feral S. mauritianum was infested (Table 4) . Wild fruit provide a reliable reservoir of adults for invasion of commercial plum, peach, and guava orchards in central and western Kenya. These fruit are grown exclusively for the local market and losses because of tephritid infestation affect primarily small holders.
We reared C. rosa from coastal fruit during 10 mo, and eight of these months represented rearings from one or more indigenous fruit species (Table 5 ). More intensive collecting may have uncovered hosts during the months (December and January) in which we did not rear C. rosa. Alternatively, this species may survive in the adult stage in suitable microhabitats until host fruit become available, as it does in South Africa (Ripley and Hepburn 1930) .
Host Partitioning. Although members of the FAR group (C. anonae, C. fasciventris, and C. rosa) were clearly polyphagous (attacking 53 species in 24 plant families; Tables 2, 4 , and 5), plants of the Annonaceae and Sapotaceae were especially important as wild host fruit. Among tribes of the Sapotaceae, there was compelling evidence of host partitioning between members of the FAR group and Mediterranean fruit ßy, the most polyphagous Ceratitis (Table 11) . Previously, we reported ) the important role played by sapotaceous fruit in the life history of C. capitata and recorded Mediterranean fruit ßy from the tribes Sideroxyleae (Sideroxylon, one host species) and Mimusopeae (Manilkara, three host species; Mimusops, three host species). Since then, we have reared Mediterranean fruit ßy twice from the third tribe of Sapotaceae that occurs in Kenya, the Chrysophylleae (from Chrysophyllum viridifolium J. M. Wood & Franks; R.S.C., unpublished data). In contrast, none of the FAR group species was reared from Chrysophyllum species (26 samples), the Sideroxyleae (nine samples) or, with one exception, the Mimusopeae (69 samples; one of 16 samples of Manilkara butugi Chiov. from western Kenya produced two C. fasciventris adults). However, although never infested by Mediterranean fruit ßy, the other Chrysophylleae genera were used extensively by the FAR group. One or more of the FAR group species were reared from Englerophytum (two host species, 10 of 13 samples infested), Pouteria (one host species, two of three samples infested), and Synsepalum (two host species, four of Þve samples infested). There were thus signiÞcant differences in the use of sapotaceous hosts by the FAR group relative to Mediterranean fruit ßy in Kenya (Table 11 ). Mediterranean fruit ßy also was reared from fruit of 10 plant families and 38 species that were not attacked by members of the FAR group or by C. cosyra.
The Annonaceae (104 samples) also contained several important indigenous hosts of the FAR group of species and was the only family containing a species that produced C. cosyra as well as members of the FAR group. This family was particularly important in the life history of C. rosa at the coast, where the Annonaceae has its highest diversity in Kenya (Verdcourt 1971) . Hosts were found in both subfamilies of Annonaceae (Verdcourt 1971) ; the Annonoideae (C. rosa was reared from four of the Þve tribes and Þve of the 10 genera occurring in Kenya) and the Monodoroideae (reared from one of the two genera known from Kenya). Monodora grandidieri Baill. (three of seven samples infested) and Lettowianthus stellatus Diels (Annonoideae, tribe Uvariae, three of three samples infested) both had high infestation rates and infestation indices of C. rosa on the coast. Members of the FAR group also were reared from the tribes Annoneae (Annona, also a host of C. cosyra), Mitrephoreae (Sphaerocoryne, Monanthotaxis), and Unoneae (Artabotrys) (Tables 2Ð9). Interestingly, in western Kenya, C. cosyra was replaced as a pest of Annona senegalensis by the closely related Ceratitis discussa (Munro) that was present in four of seven samples. Of the Annonoideae, only the tribe Xylopieae (Xylopia) failed to produce tephritids. For the Annonaceae, like the Sapotaceae, there was almost no overlap between the four pests and Mediterranean fruit ßy in Kenya. From the 104 samples of Annonaceae, Mediterranean fruit ßy was reared only twice R.S.C., unpublished data) and the other four pest species 22 times (P Ͻ 0.001; Fisher exact test, twotailed).
In addition to the Sapotaceae and Annonaceae, wild fruit hosts of the FAR group were distributed widely among other plant families, although these, with a few exceptions, were of only minor importance. Although the Euphorbiaceae produced only one host genus (Drypetes) that was exploited by these species, D. natalensis (Harv.) Hutch. was an important host of C. rosa at the coast, and C. fasciventris was reared from two of seven Drypetes gerrardii Hutch. samples in the central highlands. Similarly, in the western highlands, members of the Olacaceae (Strombosia and Ximenia), played an important role in the life history of C. fasciventris. For C. anonae, 13 of 14 samples from hosts in the Moraceae (Antiaris and Morus) and Rubiaceae (Leptactina) were infested, and these fruit alone produced this fruit ßy during most of the year.
Based on the number of adults reared from 1,000 fruit, C. cosyra had, by far, the highest infestation indices. This was largely an artifact of large fruit size. All the fruit from which we reared C. cosyra were very large, the smallest being W. ugandensis at between 3 and 5 cm in diameter. Three plant species (S. birrea, Anacardiaceae; W. ugandensis, Canellaceae; and C. africana, Fabaceae) were responsible for nearly all the production of C. cosyra. Together, 21 of 51 samples from these three hosts were infested, and ßies were reared from them during JanuaryÐOctober, albeit in different parts of the country. Although its host range was small relative to the species of the FAR group, its oviposition behavior, in indigenous as well as cultivated fruit, has apparently allowed it to carve out a niche by attacking uniformly large fruit. Additionally, in Kenya C. cosyra usually co-occurred in fruit with no or few congeneric larvae. Only in W. ugandensis, in which Ceratitis contramedia (Munro) was common and abundant, did C. cosyra experience any potential competition. Why these productive habitats (hosts) are largely the domain of one species is not known.
Large fruit size is also a contributing factor in the larger infestation rates noted for exotic and commercial fruit in all four of the pest species (Tables 6 Ð9) . This is especially evident in C. fasciventris, where we had the most data for both native (n ϭ 20) and exotic (n ϭ 9) plant hosts. The infestation rate for exotic fruit, taken together, is 12.7 times that of native fruit when calculated on a per 1,000 fruit basis, but only 3 times that of native fruit when evaluated on a per kilogram basis (Table 8) .
The Þve most polyphagous, pest species of Ceratitis in Kenya (Mediterranean fruit ßy plus the four others treated here) were reared from 35 plant families (30.2% of the total sampled), but only Ϸ11% of the total number of plant species sampled. Several of these plant species were either infrequently collected, did not yield tephritids regardless of collection frequency, or were members of plant families (e.g., Asclepiadaceae and Cucurbitaceae) more likely to produce Dacus and Bactrocera than Ceratitis. Several of the cucurbits, at least, are known to inhibit development of Mediterranean fruit ßy. However, there were several plants that were routinely sampled (on at least 10 separate occasions) that never produced any of these Þve species, even though they were regularly infested either by other species of Ceratitis or by members of the closely related genus Trirhithrum (White et al. 2003) . These include members of the Araceae, Boraginaceae, Clusiaceae, Podocarpaceae, Vitaceae, and Rubus of the the Rosaceae. It would be worth exploring whether these are avoided by the polyphagous pest species or whether the competition by specialists keeps them from infesting these fruit at rates high enough to be detected in sampling programs of this nature. For Vitaceae, at least, in which Ͼ50 samples were obtained representing Ͼ1,000 fruit, avoidance seems the most likely explanation. There is clear evidence in any case that some of these pest species (such as Mediterranean fruit ßy) are more polyphagous than others (such as C. cosyra) and that all such species attack far fewer hosts plant species than are available in the areas where they are endemic.
Ceratitis is endemic to subsaharan Africa, where all of its described species occur. There is a full range of feeding strategies from monophagy to polyphagy (De Meyer 2001a) within Ceratitis. As with other important genera of fruit-infesting tephritids, pest species tend to be polyphagous. Drew (2004) remarked that extensive surveys of Bactrocera in native rain forest habitats in both Southeast Asia and Australia have revealed that pest species are polyphagous not only in commercial plantings and areas where they are invasive but also in their native habitats. Our data demonstrate that the same is true for Ceratitis. Thus, it may be possible to use surveys of native habitats to predict the pest potential of otherwise poorly known species.
Parasitoids. Few parasitoids have been recorded either for members of the FAR group or for C. cosyra (Steck et al. 1986 , Wharton et al. 2000 . Some of the species that we reared, such as Diachasmimorpha fullawayi (Silvestri), have been recorded from several hosts and host plants from throughout Africa. Available data on other species, such as F. silvestrii and the species of Psyttalia reared from Lettowianthus (Annonaceae) in this study, suggest that they may be host speciÞc, although more work is needed to conÞrm this hypothesis.
F. silvestrii has been reared frequently (and sometimes abundantly) from several host plants, but host ßy associations are rare. Our samples provide strong evidence that F. silvestrii is a parasitoid of C. anonae, and that this species is also able to develop successfully on C. fasciventris. It is possible that those samples that produced exclusively F. silvestrii and one or both of these host ßies also may have contained other ßy species that failed to develop or were all killed by the parasitoid. However, this is unlikely for samples that produced large numbers of both ßies and parasitoids. Our Þndings conÞrm the results of Steck et al. (1986) where F. silvestrii (recorded as F. caudatus auct.) was abundant in coffee samples that contained both C. anonae and Trirhithrum, but it was absent or nearly so in samples that only produced Trirhithrum. We reared this species only in western Kenya. Its known distribution coincides with that of C. anonae, occurring from western Kenya to coastal western Africa.
T. giffardii also is able to develop successfully on members of the FAR group, although conÞrmation is needed because two of our three rearing records for Tetrastichus were from fruit samples that produced more than one ßy. Rates of parasitism by Tetrastichus could not be established because puparia were not saved and varying numbers of adults of this gregarious species can develop in a single puparium.
Although at least two species of Psyttalia readily attack and develop in Mediterranean fruit ßy and C. cosyra, the eggs of these same species are encapsulated by C. anonae and C. fasciventris, and these two ßy species are thus unsuitable hosts for these particular parasitoids , Mohamed 2004 . However, based on the sample from Lettowianthus fruit that produced C. rosa (Tables 9 and 10 ) at least one member of the FAR group can be successfully attacked by a species of Psyttalia. Although we also reared a considerable number of Psyttalia from other samples that produced members of the FAR group, these were invariably samples that were dominated by other tephritids (either Ceratitis flexuosa [Walker] or Bactrocera amplexa [Munro] ). Lettowianthus consistently produced only C. rosa, and in large numbers.
